The Last Mulled Toast A Grand Prix race is very rough, the going's fast, the pace is tough. The four-stroke rules the world of cars, in bikes it's two-strokes that are the stars. Now, why is this you'd have to ask? The rulemakers you can take to task. For the intake air never needs to question, "Is this the right bellmouth for my ingestion?"
The designer ofboth must surely know, or else his engines will all be slow, unsteady gas dynamic trapping by right and left waves overlapping.
To model an engine is algebraic simple. You sit on the gas like a veritable pimple, solving the maths the waves to track from valve to bellmouth in the intake stack.
At the inlet valve you scan induction, count the air that's passed by suction and just as the valve would shut the door, you get a wave to ram home more.
In the exhaust it's furnace hot, for the modeller 'tis a tropic spot. Exhaust waves reflect but do the job of sucking out the burned gas slob.
Some time ago I wrote two tomes on two-strokes, including poems. It seemed only fair to tell those with cars that black-art tuning is best kept for bars. Since 1990, 1 have written two books on the design and simulation of two-stroke engines. Not many in the four-stroke engine industry will read such books on the assumption that they are not relevant to them. I will not dwell on this issue as I have already dedicated a couple of stanzas to this very point, on the previous page. Hence, when I came to write this Foreword, and reread what I had set down in those previous books, I realized that much of what was written there for the two-stroke enthusiast was equally applicable to the reader of this book. So, ifmuch ofthis reads like the Foreword in my previous books, I can only respond by saying that I know only one way of teaching this subject. So, ifyou have already absorbed that, then pass on.
This book is intended to be an information source for those who are, or wish to be, involved in the design offour-stroke engines. More particularly, the book is a design aid in the areas of gas dynamics, fluid mechanics, thermodynamics, and combustion. To stop you from instantly putting the book down in terror at this point, rest assured that the whole purpose of this book is to provide design assistance with the actual mechanical design of an engine in which the gas dynamics, fluid mechanics, thermodynamics, and combustion have been optimized so as to provide the required performance characteristics of power, or torque, or fuel consumption, or noise emission. Therefore, the book will attempt to explain the intricacies of, for example, intake ramming, and then provide you with empiricisms to assist you with the mechanical design to produce, to use the same example, better intake ramming in any engine design. Much ofthe engine simulation, with which I was involved at QUB over the last twentyfive years, and to which I have applied myselfeven more thoroughly in the three years since I formally retired from my alma mater, has become so complex, or requires such detailed input data, that the operator cannot see the design wood for the data trees. As a consequence, I wound this empiricism into visual software to guide me toward a more relevant input data set before applying it into an engine simulation computer model. Quite often, the simulation confirms that the empiricism, containing as it does the distilled experience ofa working lifetime, was adequate in the first place. However, sometimes it does not and that becomes the starting point for a more thorough design and comprehension process by simulation. You will find many examples ofthat within this book. However, even that starting point is closer to a final, optimized answer than it would have been ifmere guesses had been the initial gambit for the selection of input data to the engine simulation.
The opening ofthe book deals with the fundamentals of engine design and development, ranging from mechanical principles, to engine testing and the thermodynamics ofengine cycles.
To some it will read like the undergraduate text they once had; to undergraduates it will read vii like a tutorial by some pedantic professor, and to those who had no such formal education it will provide the thermodynamic backdrop they never had, but which they will need to follow the logic of the design and development of the four-stroke engine. It reminds you all, expert and novice alike, of the basics ofthe scene in which you wish to operate.
The acquisition ofa fundamental understanding ofunsteady gas dynamics is the first major step to becoming a competent engine designer. Hence, this book contains a major section dealing with that subject. It is little different than that within the more recent book on twostroke engines*, although it is updated and extended with, it is hoped, all, typographical and theoretical errors removed. The fundamental theory ofunsteady gas dynamics is the same for two-stroke and four-stroke engines, but I repeat myself as yet another stanza has already dealt with that. Nevertheless, without a basic understanding ofunsteady gas dynamics, the mysteries of intake and exhaust tuning will remain just that.
The "flowing ofcylinder heads" is a way oflife for many developers ofhigh-performance engines. As with all technologies, there is a right, and a wrong, way ofgoing about it. I explain the only way to acquire the discharge coefficients offlow which will be meaningful ifthey are also required to be accurately applied with an engine simulation model.
The discussion of combustion follows a pragmatic approach, as distinct from one steeped in the chemistry of the subject. It provides data on the burn characteristics of a considerable range ofactual engines, spark-ignition and compression-ignition, in a manner which gives real data input for those who wish to simulate a wide variety ofpower units with truly representative combustion characteristics.
The discussion on noise emission illustrates the point that actual silencers, intake, and exhaust, can be designed by simulation so that the trade-offin noise emission and performance characteristics can be thoroughly executed by the modeling ofthe entire engine together with its mufflers. It also makes the point that the traditional empiricism, which is based in acoustics, has a useful role to play in the design process as long as you do not believe implicitly in its predictions.
The majority ofthe book is devoted to the design of the spark-ignition engine, but there is also comprehensive treatment ofthe diesel or compression-ignition engine. The totality ofthe book is just as applicable to the design of the diesel as it is to the gasoline engine, for the only real difference between them is the methodology of the combustion process.
Much like this Foreword, the opening paragraphs ofmany ofthe chapters are very similar to those in the book on two-stroke engines. I suppose it is a simple statement, albeit a truism nevertheless, but having figured out a logical way to introduce you to the fundamentals ofany given topic, and as those fimdamentals do not change just because I am writing about the fourstroke engine, I decided that I would only sing the song badly if I attempted to change the lyrics.
I have had the inestimable privilege ofbeing around at precisely that point in history when it became possible to unravel the technology of engine design from the unscientific black art which had surrounded it since the time of Otto, Diesel, and Clerk. That unraveling occurred because the digital computer permitted the programming of the fundamental unsteady gasdynamic theory which has been in existence since the time of Rayleigh, Kelvin, Stokes, and *See Chapter 1, Ref. [1.9] viii Foreword Taylor. For me, that interest was stimulated by a fascination with high-performance engines in general, motorcycles in particular, and two-stroke engines even more particularly. It is a fascination that has never faded.
The marriage ofthese two interests, computers and racing engines, has produced this book and the material within it. For those in this world who are of a like mind, this book should prove to be useful. The first acknowledgement is to those who enthused me during my school days on the subject of intemal combustion engines in general, and motorcycles in particular. They set me on the road to a thoroughly satisfying research career which has never seen a hint ofboredom. The two individuals were my father, who had enthusiastically owned many motorcycles in his youth, and Mr. Rupert Cameron, who had owned but one and had ridden it everywhere-a 1925 350 cc Rover. Ofthe two, Rupert Cameron was the greater influence, for he was a walking library of the Grand Prix races ofthe twenties and thirties and would talk ofengine design, and engineering design, in the most knowledgeable manner. He was actually the senior naval architect at Harland and Wolff's shipyard in Belfast and was responsible for the design of some of the grandest liners ever to sail the oceans.
My father and Mr. Cameron talked frequently of two fellow Ulstermen, Joe Craig and Walter Rusk. They are both shown in the photograph in Plate 1.0, Joe Craig standing to the right and Walter Rusk astride the motorcycle. Walter Rusk is just about to start in the Ulster Grand Prix of 1935 on a works Norton; he crashed on the second lap while leading. The Ulster Grand Prix was the Grand Prix d'Europe that year, so it was an even bigger show than normal in a province where 10% of the entire population were known, and still are known, to turn up to watch a motorcycle race. Local media coverage ensures that racers, tuners, and engineers are household names. Joe Craig was the ChiefEngineer ofNorton Motorcycles from the early 1930s to the 1950s and he was responsible for the development of the single-cylinder 500 cc Manx Norton throughout that period. A cutaway drawing ofthe 1959 version ofthis engine is shown in Plate 1.2 and you can see its heredity etched in the lines ofthe 1935 engine in Plate 1.0. Joe Craig came from Ballymena in Co. Antrim. He designed and developed that same engine from 31 bhp in 1931 to 53 bhp in 1953, and as a schoolboy I listened to those tales and thought how grand it would be to know so much about tuning engines as to be able to do that. Walter Rusk came from nearby in Whitehead in Co. Antrim and went to my alma mater, Larne Grammar School. He was one of the top-bracket racers of the 1930s. He was killed while flying in the Royal Air Force and I looked up at his name, written in gold on the Roll ofHonor for World War II, at school assembly every morning. These two people were my schoolboy heroes, but ofthe two it was Joe Craig, and his genius at engine tuning, who exerted the greater fascination.
I have to acknowledge that this book would not be written today but for the good fortune that brought Dr. Frank Wallace (Professor at Bath University since 1965 and now retired) to Belfast in the very year that I wished to do postgraduate research at The Queen's University of xi Plate 1.0 Walter Rusk and Joe Craig at the 1935 Ulster Grand Prix.
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Belfast (QUB). At that time, Frank Wallace was one of perhaps a dozen people in the world who comprehended unsteady gas dynamics, which was the subject area I already knew I had to understand ifI was ever to be a competent engine designer. However, Frank Wallace taught me something else as well by example, and that is academic integrity. Others will judge how well I learned either lesson. Professor Sir Bernard Crossland deserves a special mention, for he became the Head of the Department of Mechanical Engineering at QUB in the same year I started as a doctoral research student. His drive and initiative set the tone for the engineering research that has continued at QUB until the present day. I emphasize the word "engineering" because he instilled in me, and a complete generation, that real "know-how" comes from using the best theoretical science available, at the same time as conducting related experiments of a product design, manufacture, build, and test nature. The next acknowledgement is to those who conceived and produced the Macintosh computer. Without that machine, on which I have typed this entire manuscript, drawn every figure that is not from SAE archives, and developed all ofthe simulation software, there would be no book. In short, the entire book, and the theoretical base for much of it, is there because the Macintosh has such superbly integrated hardware and software allowing huge workloads to be tackled rapidly and efficiently.
The influence of Frank Wallace and Professor Bannister turned out to be even more profound than I had realized, for it was a reexamination of their approach to unsteady gas dynamics that lead me to produce the engine simulation techniques described herein. Professor Bannister was the external examiner for my PhD at QUB and came from the same University of Birmingham which educated Frank Wallace.
I wish to acknowledge the collaboration ofall ofmy research students over the thirty-two years that I worked at QUB, commencing with the late Dr. John Goulburn and concluding with Dr. Dermot Mackey. The others will forgive me if I do not list them all-they are too numerous-but any glance at the References reveals their names. Without their intellect, support, enthusiasm, hard work, and, indeed, friendship, a great deal of that which is presented here would be missing material.
I am indebted to those who have provided many of the photographs and drawings that illustrate this book. Quite a few also provided experimental data, or theoretical predictions, which are found herein. I refer to, in no particular order ofprecedence: 
